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The feasibility of using a flexible, steerable angioscope to perform
coronary angioscopy, before and after percutaneous coronary
angioplasty was tested- The microangioscope fits through an OF
coronary Angioplasty guiding catheter and contains a mulliflber
viewing bundle incorporated into the body of a 4 .3F balloon
catheter with a central lumen for distal flushing and guide-wire
passage. Anginscnpy, was performed without complications 45
times in 24 potions, including 6 patients with stable and 18 with
unstable angina.
Circumferential visuatleatlon of the target lesion was successful
in 20 (83e%) of the 24 patients and improved with operator
experience . Excellent v sualte.ution of the target lesion w
achieved in 16 (94%) of the last 17 patients . Plaque, thrombus and
dissection were among the abnormal findings in the 20 patients (4
with stable, 16 with unstable angina) in whom circumferential
viewing of the target lesion was achieved . In four patients with
Angiography is the most sensitive means available of diag-
nosing significant coronary artery stenoses and determining
their severity . However, it is insensitive for detecting in-
tralurllinal pathologic changes such as plaque rupture and
thrombosis that characterize the active lesion morphology
associated with unstable angina and nun-Q wave myocardial
infarction (1-3) . In addition, its accuracy in documenting
dissection, thrombosis and the degree of residual stenosis in
patients undergoing coronary angioplasty may be limited by
the presence of plaque fissuring and dissection of the intima
and media at the site of the lesion after balloon dilation (4-7) .
lntrauperalivc coronary angioscopy can provide valuable
information with regard to plaque morphology in patients
with unstable angina (8). However, there are technical
difficulties not encountered during intruoperative angioscopy
when percutaneous angioscopy is performed to validate
these intraoperative findings . These include gaining percuta-
neous access tc the coronary artery, establishing and main-
taining a blood-free viewing field, avoiding the consequences
prom the Depanmenl or Internal Medicine, Section on Cardiology .
Ochseer Medical insdmtions, New Orleans. Louisiana.
Manuscript received
April 9, 1991;
revised manuscript received June
27 .
1990, acnepred July 17, 1996 .
Address fn, renrlmc Stephen R . Ram- MD. Section not carmalnyy,
Ochsner Medical Inalitutiuns, 1514 Jefferson Highway, New Orleans, Loui-
s~ana 7ual .
'01991 by the American College of Cardiology
JACC
Vol . 17. Na . I
January 1991: 10 0 -5
restenosis after angioplasty, the lesion morphology was distinctly
different from that of lesions in arteries without prior angioplasty
.
In patients with stable angina, no thrombus or dissection was seen
by angiography or angioscopy before angioplasty . In patients with
unstahle angina, thrombus was detected more frequently by
angioscopy than by angiography, before angioplasty (8 versus 2 of
16) and after (15 versus 2 of 16) angioplasty. Intimal dissection
was
also seen much more frequently
by angiusrupy than by
angiography before angioplasty (7 versus 0 of 16) and after
angioplasty (16 versus 7 of 16) .
It Is concluded that high resolution percolate ons coronary
angioscopy can he performed safely in conjunction with balloon
angioplasty. Further investigation is needed before this diagnostic
tool can be applied clinically.
(j Am Cull Cardfid 1991,,17:100-5)
of myocardial ischemia during imaging, and controlling the
imaging tip of the angioscope from a remote, percutaneous
entry site. The ideal percutaneous coronary angioscope
should be flexible, steerable, wire guided and able to main-
tain a blood-free field during imaging (9). Advances in
fiber-optic technology and catheter design have led to the
development of several angioscopes that can be used percu-
taneously during cardiac catheterization (10,11) . We de-
scribe our angioscopic findings with a new device used
before and after elective coronary angioplasty to test the
safety and efficacy of percutaneous angioplasty and to voli-
dale previously reported intraoperatise findings in patients
with stable and unstable angina (8) .
Methods
Study patients . Twenty-four patients (21 men and 3
women with a mean age of 61 *_ 12 .6 years) who were to
undergo elective coronary angioplasty were enrolled in the
percutaneous coronary angioscopy protocol after informed
consent was obtained . Six patients had stable angina pecto-
ris and 18 had unstable angina, defined as rest angina within
24 h of the procedure
.
The percutaneous angioscope (Fig. 1). The design of
the percutaneous coronary angioscope (Microvision, Ad-
vanced Cardiovascular Systems) is based on the design of a
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Flgare 1
. Top, The steerahle miereangioseepe . Ar-
row A = the distal tip with occlusion balloon .
Arrow B = proximal connectors for imaging and
illumination fibers . IRmtom- Magnified view of the
distal tip of the angioscnpe with its occlusion
balloon B), guide wire and push larnen
ILI, illuml-
nation fihcrs (F) and imaging bundle (I) .
coronary balloon angioplasty catheter
. Key features of this
device that facilitate its use in the coronary arteries are its
small diameter, flexibility and steerability . The polyethylene
catheter is 1 .4 mm in diameter
(4.3F), has I I illumination
fibers and contains a 0
.2 mm fiber-optic bundle with 2 .000
fibers for imaging
. The angioscope has a distal lumen for
guide-wire passage and distal flushing . To reduce the amount
of solution that crust be infused to clear the viewing field
during angioscopy, a low pressure polyethylene balloon
(inflated diameter 2
.5. 3 .0 or 3 .5 meet has been incorporated
at the distal tip for intermittent occlusion of arterial blood
flow . This unique design allows the operator to image in the
coronary artery for up to 45 s during balloon occlusion while
infusing < 10 ml of crystalloid- A special 0.14 in, (0.36 cull
angioscopic guide wire containing a series of performed
bends allows the operator to deflect the tip of the angioscupe
and image the vessel circumfereatially by withdrawing and
rotating the wire
. The video chain includes a video camera,
character generator . high resolution video monitor, and
0.75 in . (1 .9 cm) videotape recorder .
Coronary angiography . Patients received oral diazepam
and diphenhydramine before the procedure . After local
infiltration with ISO xylocaine . the femoral artery was can-
nulated percutaneously within an OF sheath with use of the
modified Seldinger technique, and 10.000 U of heparin was
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administered . Baseline angiography of the target vessel was
performed in orthogonal views after imracoronary adminis-
tration of 200 tag of nitroglycerin with use of an 8F coronary
angioplasly guiding catheter (Advanced Cardiovascular Sys-
tems).
Coronary angioscopy. With use of standard coronary
angioplasty technique, the stenotic lesion was crossed with
the angioscopic guide wire
. The angioscope was then ad-
vanced over the guide wire under fluoroscopic guidance so
that the distal tip marker on the angioscope was located just
proximal to the target lesion
. The angioscopic balloon was
then inflated with low pressure 11 to 2 arm) to occlude
anterograde blood flow, After balloon inflation, warm lac-
tated Ringer's solution (2 to 10 ml) was infused through the
distal port to create a blood-free field during viewing. An-
gioscopic images were recorded on videotape for immediate
review and archiving . Guiding catheter pressure, ST seg-
ment changes, cardiac rhythm and patient comfort were
monitored continuously during angioscopy .
Coronary aogloithnty. After angioscopy, the angioscope
was exchanged for a coronary angioplasty balloon and
balloon angioplasty was perforated by standard technique-
The angioplasty balloon was then exchanged for the angio-
scope and postangieplasty angioscopy was performed, Re
peal angiography was then performed. The patients received
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Table 1 . Vessels Imaged Aneioscopically Before and After
Perculaneous Transluminal Coronary Angioplasty in 24 Patients
with St, ole (n = 6) or Unstable (n - It) Angina
VeaadsImaged
LAD = ten anmnn-desccnding artery- . LCx = left cirarmtce artery
:
RCA-nghr coronary artery
:
SVO = eaphenoua vein Aran .
standard care and treatment as dictated by their clinical
status .
Balsa asalyds. Angiographic and angioscupic findings
were compared in patients with stable or unstable angina
before and after balloon angioplasty . The lesion appearance
was characterized by the presence or absence of plaque,
thrombus and dissection. Results of angiugraphy and angio-
scopy were compared only in the 20 patients in whom
citeumferential imaging of the target lesion was accom-
plished . Plaque was defined as a yellow or white raised
contour within the arterial lumen, Thrombus was defined as
a red collection 0f solid material within the lumen or adher-
ing to the arterial wall that persisted despite flushing with
crystalloid . There were two types of dissection : 1) thin,
shaggy, white, mobile fronds adherent to the arteria! wall
and protruding into the lumen,
and 2) large, thick, flaps that
appeared to have a longitudinal dissection plane and that
encroached on the lumen . The chi-square test was used to
compare angiographic and angioscupic findings .
Results
Forty-five angioscopic examinations were performed in
24 patients, including 6 with stable and 18 with unstable
angina (Table 1) . Three patients did not undergo angioscopy
after angioplasty. In one of these patients coronary angio-
plasty could not be performed because the guide wire would
not cross a total occlusion ; in the other two patients,
angioscopy was not attempted after coronary angioplasty
because severe tortuosity of the proximal vessel made it
impossible to pass the angioscope to the midvessel to view
the target lesion before angioplasty.
Table 2. Outcome of Coronary Angioscopy in 24 Patients
No . of
Paletltt (4n)
Circenderenrtat slew of targnn bean 2024 (Innfl
Unstable ang!la IV : 9 (S9%1
Stable series 4'6 (6i%I
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Procedural success (Tables I ad 2) . The target artery
was successfully visualized with the angioscope in all 24
patients (Table 1) . The optimal angioschpic balloon size for
achieving a blood-free viewing field was 0 .5 mm larger than
the balloon chosen for coronary angioplasty on the basis of
vessel diameter . If a smaller balloon was used, incomplete
interruption of blood flow was likely to occur . A circumfer-
ential view of the target lesion was obtained in 20 (83%) of
the 24 patients, including 4 of the 0 with stable angina and 16
of the 18 with unstable angina (Table 2) . Th^_nc 20 patients in
whom circumferential angioscopic imaging of the target
lesion was successful constitute the subset in whom the
sensitivity of angiography and angioscopy for detecting
thrombus and dissection was compared . In 4 (176A) of 14
patients imaging was considered suboptimal : in one patient
because of inadequate balloon size to occlude distal flow, in
one because the target lesion could not be adequately
imaged, and in two patients because of inability to reach the
target lesion due to vessel torluosily
. In 16 (94%) of the last
t7 patients circumferential visualization of doe target lesion
was accomplished because of operator experience and pa-
tient selection .
Transient mild chest pain and ST segment changes oc-
curred during angioscopy in most patients . especially before
coronary angioplasty
. For this reason, a more complete
angioscopic study was generally performed after coronary
angioplasty . The post-angioplasty examination was more
revealing of intraluminal pathologic changes than the study
before angioplasty because imaging was not limited to the
proximal portion of the lesion . After angioplasty the angio-
scope was passed across the lesion and images were ob-
tained in the distal and middle portions of the lesion . There
were no complications of the procedure
.
Angioscopic findings. Plaque was seen angioscopically in
all 20 patients in whom circumferential imaging of the target
lesion was achieved (Fig . 2, left). Its morphology was
heterogeneous and included white and yellow lesions
. The
surface characteristics included both smooth and irregular
contours and concentric and eccentric lumens . The degree of
stenosis could not be gnaatitosed by angioscopy ; however,
the luminal diameter could be compared with the diameter of
the guide wire as it traversed the lesion
. Qualitatively, the
neolumen created after coronary angioplasty often appeared
to be slit-like and much narrower by angioscopy than by
angiography, suggesting that angiugraphy underestimated
the degree of residual stenosis after angioplasty .
Reslenosis
. In the four patients with restenosis undergo-
ing coronary angioplasty, lesion appearance on angioscopy
was distinctly different from that in patients who had not
undergone previous coronary angioplasty . In three of these
patients the lesions had a smooth, shiny, white surface with
a stenotic lumen that was devoid of pigmentation (Fig . 2,
right) . The other patient had angioscopic evidence of a large
dissection as well as yellow atheroma visible in the area of
stenosis. Three of these patients with restenosis had unsta-
Before
Angioplasty
After
AnsivpI ty
Total
RCA
11
m 21
LAD 6
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SVG
,
4
LCx 1
7
Total 2<
21 45
IACC Yot. 17, No. I
Iroorsy 4991:t0a-5
Figure L 141, Angioscapic view of yellow plaque (P) and red
thrombus (T) after coronary angioplasty in a patient with unsthle
angina . Right . Angioscoptc view of a restenosis lesion wirhihe guide
wire (G) within the lumen or the vessel. The vessel wall appears
smooth and devoid of yellow pigmentation .
Ke angina and all three bad thrombus in the lumen of the
vessel.
Thrombus Thrombus was not detected by angiography
or angioscopy either before or after coronary angioplasty in
any of the four patients with stable angina . In the 16 patients
with unstable angina, angiography showed thrombus before
and after angioplasty in only 2113%) (Fig
. 3, top)- Angios-
copy was much more sensitive, demonstrating thrombus
Figure 3. Detection of thrombus (top)
and dissection (button) by
angioscepy or angiography before and after balloon angioplasty
(PICA) in 16 patients with unstable angina .
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Fgurea. Left. Mural rhrombns IT) in apertent with rutritabte angina .
The guide wire (G) is also visible wirhln the turner . RIgl, Mobile
thrombus ITt within the lumen after anaioplasty . Yellow plaque (P)
is also present .
before coronary angioplasty in 8 ('0%) of the 16 patients
with unstable angina and in 15 (94%) of the 16 after anglo-
plasty . Mural thrombi were closely adherent to the wall of
the vessel, nonmobile and nonobstructive in appearance
(Fig . 4, left) : other thrombi were intraluminal, mobile and
partially occlusive (Fig . 4. right).
Dissecdon . Most of the dissections were thin, friable,
freely mobile fronds of tissue that appeared to be loosely
adherent to the wall of the vessel (Fig. 5. left) . Only one of
these appeared to be thick enough to involve more than the
intima of the vessel (Fig. 5, right). Dissection was not
detected by angiography or angioseopy before angioplasty in
any of the four patients with stable angina . After angio-
plasty . three (75%) of these four patients had a dissection
visible en angioscopy that was not detected by angiography.
Angiography did not show dissection before
coronary
angioplasty in any patient with unstable angina . and it
revealed dissection in only seven (449) of the 16 patients
after angioplasty (Fig. 3 . bottom)
. In contrast, angioscopy
showed dissection in 7 of these patients (44%) with unstable
angina before and in all 16 patients (100%x) after angioplasty
.
Figure 5 . Ltt (ntimal dissection
(D) after angioplasty . This
dissec-
tion was thin,
vabik and shaggy ; it protruded into the lames. RtgY,
A thicker dissection ar flap (D) beneath the guide wire (G) in a
patient with a rede::
:osis lesion. Ibis dissection partially divides the
lumen unto two channels-
104
	
RANFEETAL,
PERCL'TANFOUSCOROA' .ARY ANGIOSCOPY
Discussion
Coronary angioscopy is a new diagnostic tool whose
indications and specific role are yet to be delineated . Our
early experience indicates that the flexible and steerable
percutaneous angioscope can be used in conjunction with
coronary angioplasty without compromising patient safety
.
Coronary thrombus . Other investigators have demon-
strated the superior sensitivity of intraoperative angioscopy
over angiography for detecting thrombus in patients with
unstable angina (8) .
We extended this observation and
showed better sensitivity in detecting thrombus in the cath-
elerization laboratory by using a percutaneous angioscope
during coronary angioplasty . Thrombi were rarely seen by
angiography in patients with stable or unstable angina either
before or after coronary angioplasty . In contrast, thrombus
was usually seen by angioscopy in patients with unstable
angina, and it was more likely to be seen after angioplasty
than before
. In fact, thrombus was identified by angioscopy
after coronary angioplasty in almost every patient with
unstable angina in whom circumferential imaging of the
target lesion was obtained . We speculate that angioscopy is
more sensitive for detecting thrombus after than before
coronary angioplasty because, in some cases, the thrombus
lies distal to the undiluted lesion and, therefore, cannot he
imaged before angioplasty . It is unlikely that thrombus is
caused by the angioplasty procedure because all patients
received the same dose of heparin and in none of the patients
with stable algina was thrombus visualized on angioscopy .
The clinical
significance
of identifying thrombus
angio-
scopically needs farther erulualion
. Although it has been
clearly shown that patients with unstable angina are more
likely than those with stable angina to have intracoronary
thrombus, the angioscopic finding of thrombus may or may
not be predictive of future adverse events. Perhaps antic-
scopic visualization of thrombus will be an indication for
Ilepatin toy thrombolysis after coronary angioplasty .
Coronary dissection. Dissection was rarely seen by angi
ography and was much more Frequently identified by angia
scopy. This finding may be due to a difference in the type of
dissection that can be seen with the angiuscope, that is,
disruption of the intimal surface which may be too subtle for
angiogaphy to discern . It is also possible that what we are
interpreting as "dissections" before angioplasty are actually
platelet aggregations, which may have a very similar macro-
scopic appearance to intimal dissections and which would be
an expected finding in patients with unstable angina . We do
not have microscopic pathologic data on these intraluminal
inclusions, so intimal dissection and platelet aggregation
cannot be accurately distinguished . If they are dissections,
they either occurred spontaneously or were due to guide
wire or angioscope manipulation
.
As With the visualization of thrombus, the clinical signif-
icance of finding these dissections with angioscopy is uncer-
ain. It may be an innocuous finding or it may be predictive
of abrupt reocclusion or restenosis . Angioscopy may also
JACr Vol. 17, No. I
January 1991'.1 m-5
identify a subset of patients with unstable angina who will
benefit from a local intusion of a thromboiytic agent or
systemic anticuagulation, eitheralene or in conjunction with
balloon angioplasty . From our initial observations in unsta-
ble angina patients, it appears likely that angioscopy allows
identification of a specific etiology, such as thrombosis,
dissection or spasm, in patients with abrupt reocclusion after
coronary angioplasty, bat this possibility must be demon-
strated.
Limitations. Despite the excel5.nt images and useful in-
formation we have gleaned from this study, the technique
does have limitations
. Optical resolution could be improved
with a lens that has a shorter focal length and a wider angle
of view . This would reduce the amount of manipulation
necessary to obtain diagnostic images and would shorten the
procedure time
. Second, the videotaped images lose a sig-
nificant amount of resolution when convened to a photo-
graphic print . Placing a camera in the image chain before the
image reaches the videotape recorder would solve this
problem . There is limited information that can be obtained
from preangioplasty angioscopy because we see only the
proximal surface of the lesion, analogous to the fig of an
iceberg . Thus, the technique may be insensitive for detecting
the intraluminal pathologic changes that lie beyond the view
of the angioscope .
Condustoim, High resolution percutaneous angioscopy
can be performed safely with this device during elective
coronary angioplasty. It is a valuable research tool for
studying the morphology of coronary atherosclerosis in its
various clinical manifestations. We have shown that lesion
appearance, thrombus and dissection can be readily identi-
fed augioscopically, and that angioscopy provides informa-
tion about lesion morphology before and anger coronary
angioplasty that cannot he obtained angiographically . Clini-
caI application of ibis new diagnostic research tool awaits
further investigation.
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